Most diseases involve many genes in complex interactions, in addition to environmental influences. The genetic susceptibility to a particular disease due to the presence of one or more gene mutations, and/or a combination of alleles need not necessarily be abnormal. Understanding genetic predisposition to disease and knowledge of lifestyle modifications that either exacerbates the condition or that lessen the potential for diseases is necessary for the societies to make informed choices. The aim of this narrative review is to identify an optimal candidate gene and its single nucleotide polymorphism in metabolic syndrome. The prevalence of non-communicable disorders such as metabolic syndrome (MetS) is high in developing countries such as Iran. The Tehran Lipid and Glucose Study (TLGS) was one of the first studies reporting this high incidence. The present review aims to discover the genetic variant reported in association with MetS. The database for genotypes and phenotypes (dbGaP) and the database for genetic associations and human genome (HuGE navigator) were utilized in order to search for genes and their corresponding polymorphisms related to MetS. Additionally, an electronic literature search for other Iranian studies and the genetic aspect of TLGS was completed using PubMed. The results distinguished six of the most important genetic regions found to have strong association with MetS.
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In order to study the genetic pattern of such complex traits we need to compare the association between genetic results from different databases. Because of the rapid increase in human genetic studies in the field of health related research, a large number of genetic databases have been established. In these databases, publications that are related to population based human genes studies extracted from trusted database and maintained. Generally, researchers need access to information at the molecular and the population level. Genetic polymorphism provide a starting point for investigating the functions of complex biological systems at molecular level but at the population level, data on genetic variation and association are used by epidemiologist for estimating the potential health impact of genetically directed interventions.
The database for Genotypes and Phenotypes (dbGaP) lists 38 studies that studied MetS as a trait. Tehran Lipid and Glucose Study (TLGS) also provide a large dataset for future health studies on Tehranian population. 4 For example, a large clinical trial cohort is under way to assess the effects of several measures (i.e., education, dietary modification, physical activity, and metformin)
INTRODUCTION
The incidence of non-communicable disorders (NCDs) is increasing worldwide. 1 These diseases result from major risk factors including smoking, hypertension, dyslipidemia and impaired glucose homeostasis levels. Metabolic syndrome (MetS) is the combination of several risk factors giving rise to cardiovascular disease and type2 diabetes mellitus. There are some controversies toward definition of MetS. 2, 3 The factors associated with MetS are obesity, hypertriglyceridemia, glucose intolerance, hypertension, and insulin resistance. 4, 5 It has been shown that MetS is a risk factor for cardiovascular disease (CVD), diabetes and also elevated risk for mortality. 6 Numerous studies and reviews have published the prevalence of metabolic syndrome in their population. 7, 6, 4, 2 Moreover, this syndrome occurs in individuals and inside families. 2, [6] [7] [8] The heritability frequency of MetS is about 10% to 30%, and as a result, it is believed that on preventing the development of metabolic syndrome in this population. In addition, further biochemical, immunologic and genetic studies using sera bank and DNA bank for this study may shed more light on the etiology, pathogenesis and alterations in body composition related to NCDs and their risk factors.
In the present review, with respect to MetS studies among TLGS and Iranian population, we aimed to extract the short list of MetS candidate genes from articles and different genetic database such as HuGE navigator 13 and PheGenI 14 in order to shed more light on the genetic aspect of this syndrome especially for Iranian population.
Search Strategy
An electronic literature search was conducted using, PubMed, HuGE Navigator and Phenotype-Genotype Integrator (PheGenI). In HuGE Navigator the phenopedia track were used, this database consist of genetic associations information related to human genome. 15 In all selected database, the search term "metabolic syndrome" was used. This search retrieved articles on the association between MetS and any genetic variant. The latest search was undertaken on 1nd of Janurary 2014. As HuGE Navigator only retrieves articles published since 2001, an additional PubMed search was done. For the PubMed search, the search term "metabolic syndrome" with limits on publication date from 1987/1/1 to 2013/12/31' was used.
Eligibility Criteria
The results obtained through the search in HuGE navigator were merged with nominated genes obtained from selected articles found in PubMed data base. In the next step, for evaluation of genes associated with the metabolic syndrome and its risk factors, gene prospector section of HuGE navigator database were used. In the last step, the Studies that included metabolic syndrome as outcome, published in English, original research and conducted in human population were included in the study. In order to evaluate the genetic study in Iran and Tehran lipid and glucose study (TLGS), we focused on the electronic literature search base on the studies done in TLGS and Iran which were implemented using PubMed. For this part, the search term was "metabolic syndrome" and "Tehran Lipid and Glucose Study". From 123 articles which were found; 63 of them were eligible for inclusion in this study. Furthermore, in order to search for articles published in Iran, the search term was "metabolic syndrome" and "Iran". According to this criteria, 359 articles were found and among them 308 article had appropriate criteria to be included in present article. The detail of paper selection is mentioned in Figure 1 .
Genetic Factors Underlying Metabolic Syndrome
Studying the genetic factors underlying metabolic syndrome may help to explain why the features of MetS frequently co-occur with one individual. Various studies documented that heritability plays a valuable role for about 10-30%, of the incidence of metabolic syndrome. 6, 15 Genetics familial aggregation studies of the metabolic syndrome among Iranian families have showed that affected mothers have more influence on the future risk for their children than fathers with MetS. 16 Genetic analysis searching for the associated genetic region with metabolic syndrome in the TLGS study revealed the important role of the lipid metabolism. 7, 9, [17] [18] [19] [20] [21] [22] [23] [24] [25] Many studies in this field present large amount of candidate genes in the relevant database. Among the risk factors of MetS, we selected four original MetS components: Obesity, diabetes, hypertension and lipids. For phenotype selection in PheGenI, 30 traits were chosen and after the analysis, 21 of them were in common results with MetS (Table 1) . After finding the common variation between traits and MetS, omitting the repeated SNPs, 173 variations were remained (Supplementary Table 2 [29] [30] [31] and MetS. In most association studies and meta-analyses, a variation (rs9939609) is on the top with odds ratio of 1.19 (95% CI 1.12-1.27; P = 1.38 × 10−7). In addition, there were significant odd ration for rs1421085 and rs8050136 [32] [33] [34] [35] in relation with MetS.
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CETP
The cholesterol ester transfer protein (CETP) is located on chromosome 16 and contributes in transmission of cholesterol esters in HDL-C to TG-rich lipoproteins. As a result of this process, HDL-C is reduced from plasma. It has been shown that CETP is related to metabolic syndrome. 37 This gene has been considered in different GWAS studies. These GWA Studies showed that some of the CETP gene variations are verified to be susceptible loci in metabolic syndrome. 12, 38 Numerous variations in CETP gene have been studied. Among them, CETP (rs708272) Taq1B (G→A) is one of the most studied variations. Moreover, other SNPs such as rs173539 (P = 9.1 x10 -9 ), rs3764261 (P = 3.3 x10 -13 ), and rs9939224 (P= 6.9 x10 -12 ) are found to be associated with components of metabolic syndrome. 37 These polymorphism increase the HDL-C and reduce triglyceride levels and thereby CETP activity. 12, 39 CETP is widely expressed in the peripheral tissues and liver.
11 Furthermore, rs247617 (P= 9.31 x10 -60 ) have been proved to have a connection with HDL, which is one components of metabolic syndrome.
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APOA1/C3/A4/A5
This gene cluster region is located on chromosome 11q23. Lipid elements of the metabolic syndrome such as triglyceride, cholesterol and HDL-C had been proven to be associated with this region. [40] [41] [42] [43] Among all apolipoproteins in this gene cluster, APOA5 have been shown to have more connection with HDL-C. 41 This gene cluster is proved to be associated with MetS in a GWAS in four study samples.
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APOA1
APOA1 is located on chromosome 11 at the described gene cluster. The product of this gene is a ligand for HDL binding to cellular receptors such as ABCA1. 41 ATP-binding cassette transporter A1 (ABCA1) regulates transport of cholesterol and phospholipids throughout cell membranes and subsequently delivers them to apolipoprotein (APO) A1 molecules. 44 ABCA1 proteins bind ATP so that the transition process occurs. The other role of ABCA1 is HDL formation and is expressed in pancreatic beta cells. Three polymorphisms in this gene have been reported to be associated with HDL level. These variations are rs670, rs5069 and rs5070. 44 Disorders in apolipoprotein are often linked to Hyperlipidemia.
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ApoC3
Apolipoprotein C3 (ApoC3) is secreted from liver and intestine.
46 ApoC3 appears to have restraining effect on LPL. Also, triglyceride rich lipoproteins and HDL particles contain apolipoprotein C3. 41 The variations connected to APOC3 gene are rs2854116 (-455T->C) and rs2854117 (-482C->T). The first one is responsible for high triglyceride concentration and the latter is associated with insulin resistance and dyslipidemia.
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APOA5
The human APOA5 contains three introns and four exons. APOA5 product is called APOA5 and is mainly detectable in very low-density lipoprotein (VLDL), highdensity lipoprotein (HDL) and chylomicrons. The function of APOA5 in plasma triglyceride level regulation and inhibition of very low-density lipoprotein production have been proven in human and other organisms. 12, 47, 48 One of the variations in this region is rs2266788 (P= 2.000 x 10 -16 ), which has been shown to have pleiotropic associations among different traits including HDLC-TG, MetS, TG-BP and WC-TG. 37 The other variation that has been considered in many studies including three meta-analysis studies is called T1131C (rs662799). [49] [50] [51] [52] MetS development was considerably associated with the C allele of rs662799. Finally, the G allele of C56G (rs3135506) was correlated with metabolic syndrome in diverse studies. 12 It has been shown that with regards to MetS, different populations associate with different polymorphisms in APOA5 gene. ) and ZNF259 rs2075290 (P= 2.000 x 10 -9 ) have been proved to be notably correlated with some elements of MetS including TG, blood pressure HDL-C and glucose. Also, BUD13 rs11825181 (P= 3.000 x 10 -9 ) is associated with traits such as TG and blood pressure. ZNF259 rs11820589 is associated with two individual binary traits which are TG and HDLC. Two other polymorphisms in ZNF259 are rs11823543 (P= 3.000 x 10 -9 ) and rs12286037 (P= 1.000 x 10 -8 ); the first is associated with TG-BP and the later with TG-GLUC.
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GCKR
The glucokinase regulator gene (GCKR) is mainly expressed in liver hepatocytes and pancreatic beta cells. The product 53 Positive and negative associations between rs780094 (P= 6.000 x 10 -20 ) and MetS components had been shown, as the positive relations are with TG and TG/HDL/WC and the negative with glucose concentration. 40 Also, amongst different variations, the minor T-allele SNP is mostly studied. The other polymorphism in this gene is rs780093 (P= 2.000 x 10 -12 ) and this SNP is associated with TG, WC and blood pressure. 37, 40 GCKR has been shown to be associated with metabolic syndrome in many aspects of its components. Some studies showed evidence of connection with lower insulin levels, fasting glucose and insulin resistance. Also, GCKR is associated with elevated serum triglyceride and 2-hour OGTT glucose levels.
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ADIPOQ
The results showed that, ADIPOQ has the highest score in HuGE Navigator in terms of number of publications compares to other genes. Adiponectin is a cytokine and originated from adipose tissue. The adiponectin gene is located on chromosome 3q27. 54 It has various functions such as anti-inflammation, anti-diabetic and anti-atherogenesis. Lower level of adiponectin is linked to metabolic syndrome, type 2 diabetes, insulin resistance and obesity. The gene encoding adiponectin is called ADIPOQ. 55 As a result, polymorphisms in ADIPOQ gene and its receptors might act as mediator of metabolic syndrome. 56 This association reported in 3 genome wide association study. [57] [58] [59] and the relation confirmed in two studies using meta-analysis [56] [57] [58] [59] [60] reported this associations. The most studied variation in ADIPOQ gene is ADIPOQ G276T (rs1501299). This SNP also had conflicting results on MetS and insulin resistance in different populations 12, 61 On the other hand, several studies in China showed an association of ADIPOQ T45G (rs2241766) with MetS in their population. Thirteen studies were enclosed in this meta-analysis. However, these results are also unreliable due to their small sample sizes. [60] [61] [62] [63] In overall, despite lots of valid articles, impressive p-value for ADIPOQ SNPs didn't find.
SNPs studied in Iran and TLGS
Because of the high prevalence of metabolic syndrome in Iran and also the first prevalence report was from the TLGS, some biochemical and genetic studies have done in this population. We will discuss some genetic finding here.
ADIPOQ
There are some controversies concerning the effect of ADIPOQ gene on Mets in different populations. Some studies in Iranian population also examine different single nucleotide polymorphisms at this gene locus. Esteghamati et al investigated the effect of two adiponectin SNPS on coronary artery disease and type2 diabetes. These polymorphisms are +45T>G and +276G>T. They found an association with T allele of +276G>T and reduced risk of CAD in type2 diabetes patients. Moreover, they reported two haplotypes, 45T-276T and 45G-276T, to be associated with decreased risk of CAD. 64 Another study also assessed the correlation between these SNPs and type2 diabetes in obese individuals. This study showed that, SNP +45G>T is more related than the other SNP to the chance of type2 diabetes in obese individuals. 54 A study in city of Rafsanjan in the southeast of Iran, besides the mentioned Variations, tested -11391G>A adiponectin SNP and its association with some component of MetS. This study stated that the observed genotypes are specific in genders regarding body mass index and waist circumference.
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ABCA1
As, low HDL-C is the most common lipid disorder in Iranian population, some study have looked for genes and their variations responsible for this disease. ABCA1 gene is considered to have an association with reduced plasma HDL levels. A study in Tehran, Iran investigated rs2230806 SNP and its relation to lipid levels. This polymorphism is due to nucleotide change at position 1051 on chromosome 9. They observed no significant association with this polymorphism and lipid levels excepting ApoA1 concentration. As a result, this polymorphism is not a good marker to investigate HDL-C in our population.
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Apo A1/C3/A5 gene cluster The APOA1/C3/A5 gene cluster has been studied in TLGS population. Five SNPs of this gene cluster region were analyzed according to their connection to lipid levels. This study showed that the concentrations of TG, HDL-C, HDL2, ApoAI, and ApoB may be changed in the presence of some alleles of these SNPs. The results demonstrated that the lipid levels might somewhat regulate by haplotypes within APOA1/C3/A5 gene cluster.
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CETP
To analyze the CETP gene a variation on the first intron of the CETP gene have been studied. This polymorphism is called TaqIB (Rs708272) and is correlated with elevated HDL-C concentrations and reduced CETP activity. The results have demonstrated that this SNP is highly associated with elevated HDL_C levels.
22
DISCUSSION
Given the polygenic nature and multi-level complexity of dyslipidemia and MetS, a better understanding of the genetic determinants of each intermediate phenotype as well as the collective integration of these traits as unifying syndromes is needed, which will require more elegant statistical modeling methods and, perhaps, a paradigm shift in the way in which we think about dissecting genetic and environmental factors in complex traits.
It is obvious that there is considerable overlap between genetic variants associated with HDL-C, LDL-C and TG levels as well MetS as a unifying trait. As a result, there is great need to understand not only the aggregate effects of multiple variants in each of these genes but to also understand how the effects of variation in one gene are modified in the presence of other genes.
The present paper has summarized the candidate gene list of metabolic syndrome. It has also reviewed the most important genetic finding in this field in Iran and TLGS. According to our findings, four candidate genes are on the top of the association results and some SNPs replicated more than one time with significant association in mentioned regions (Table 2 ). Lipid metabolism pathways have the key role in the genetic background of the MetS. 40 Identifying major genes that are responsible for the metabolic syndrome may improve the medical care and clinical decision making for treating individuals with metabolic syndrome, and eventually may lead to personalized medicine in which treatment is tailored genetically to the patient's needs. In the years to come, we will require to do genetic replicate studies of tens of thousands of patients with metabolic syndrome. The present candidate regions is a respectable start to replicate genetic studies in large affected people in TLGS study which we hope leads us to improve our medical care in this field.
